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Background: Breast cancer has become the most common malignant disease threatening

women’s health. The cancer stem cell (CSC) has been recognized as a small subpopulation of

cancer cells possesses stem cell properties, which is crucial in tumorigenicity, tumor inva-

sion, drug resistance, and metastasis. The BCL11A plays a crucial role in breast cancer

progression. To investigate the effect of BCL11A, a functional oncogene, we focused on its

maintenance ability of stemness in breast cancer stem cells.

Methods: We assessed the BCL11A expression level in tumor and non-tumor tissues using

RT-qPCR and IHC. We subsequently established BCL11A-modulating breast cancer cell

lines MDA-MB-231 and MCF-7. CCK8, colony formation assays, and xenograft model were

used to determine the effect of BCL11A on tumorigenicity. Transwell assay and lung

metastasis model in vivo were conducted to validate its function in metastasis. Its effect

on stemness was assessed by flow cytometry and mammosphere formation. Western blot

further characterized the importance of Wnt/β-catenin signaling in BCL11A-regulated cancer

cell stemness.

Results: A higher level of BCL11Awas detected in clinical breast cancer samples. BCL11A

promoted tumor formation, cancer cell mobility, spheroid forming, and epithelial-

mesenchymal transition by activating the Wnt/β-catenin signaling. In addition, BCL11A

was associated with lung metastasis and increased the breast cancer cells stemness.

BCL11A high expression (BCL11Ahigh) cancer cells exhibited stem cell-like properties

compared with BCL11Alow cells, including a higher percentage of CD24low/CD44high sub-

population, self-renewal spheroids formation, and higher tumorigenicity. Our studies demon-

strated that the Wnt/β-catenin signaling activated by BCL11A plays a potential role in the

initiation of the renewal of breast cancer stem cells.

Conclusions: BCL11A not only functions in breast cancer carcinogenesis but also enhanced

the stemness of breast cancer through activating Wnt/β-catenin signaling, and may become

a potential target for breast cancer treatment.
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Introduction
In breast, lung, prostate, colon, head and neck carcinomas, cancer stem cells (CSCs) are

a small population of cells with their tumor-initiating properties.1–3 This subpopulation of

tumor cells has been reported to exhibit self-renewal and multi-differentiation character-

istics. CD44 is a well-known marker for CSCs. CSCs participate in initiating tumor

growth, metastasis, drug resistance, and metastasis.4,5 In many experimental models of
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cancer treatment researches using chemotherapy or radiother-

apy for bulk cancer cell population, a therapy-resistant sub-

population of cancer cells has emerged and presented with

a more oncogenic, stem-like, and invasive property.6 The out-

growth of breast cancer CSCs appears to be one of the most

reasonable explanations for the fact that chemotherapy or

radiotherapy is not sufficient to prevent all the cancer progres-

sion, invasion, recurrence, and metastasis effectively.7,8

Therefore, it is of great importance to eliminate CSCs in breast

cancer treatment. Moreover, It is important to investigate the

important mechanisms of the stemness of cancer cell and

develop more effective therapies targeting cancer genes.

BCL11A (B-Cell CLL/Lymphoma 11A) is a transcription

factor that was initially recognized as a retroviral insertion site

(Evi9) in myeloid leukemia of BXH-2 mouse. Lazarus et al

showed that BCL11A interact with SOX2 to regulate epige-

netic regulators in lung cancer, indicating the oncogenic capa-

city of BCL11A.9 Jiang et al also reported that BCL11A

protein was significantly increased in non-small cell lung

cancer.10 Khaled et al demonstrated that BCL11A is an onco-

gene in TNBC (triple-negative breast cancer) and its over-

expression plays an essential role in tumor formation and

invasion.11 Moody et al reported that BCL11A employs

RBBP4/7 to recruit epigenetic complex to promote tumorigen-

esis in TNBC, further elucidating itsmechanism.12 In the study

of Smith et al, they discovered BCL11A is required for hema-

topoietic stem cell and immune functions, indicating a novel

role in stem cell development.13 Furthermore, Khaled et al

demonstrated that BCL11A deletion decreases the number of

breast epithelial stem and progenitor cells, but the mechanism

still remains unclear.11 These findings suggest that BCL11A

could effectively function in breast cancer. However, the

mechanism of the effect of BCL11A on breast cancer cell

stemness, tumorigenesis and metastasis is still unknown.

Wnt/β-catenin pathway has been proved to be crucial in

breast cancer stem cells. Lv et al demonstrated that the

number of breast cancer stem cells, tumor-initiating ability,

and metastasis to lung were significantly changed whenWnt/

β-catenin signaling was interfered.14 Furthermore, Huang

et al reported that inhibition of Wnt/β-catenin signaling path-
way by Salinomycin exerted selective reduction of the num-

ber of cancer stem cells, leading to tumor suppression.15

Herein, we conducted this study to explore the function of

BCL11A and the potential key mechanisms of its effect on

breast cancer. Our results indicated that BCL11A promoted

cancer cell stemness, invasion, metastasis via the Wnt/β-
catenin signaling. Therefore, BCL11A may be a promising

target in developing a new breast cancer treatment.

Method and materials
Cell lines and clinical samples
20 paired clinical surgical samples (breast cancer and adjacent

normal tissues) were obtained from the breast cancer patients

who underwent surgery at the first affiliated Hospital of

Guangzhou Medical University (Guangzhou, People’s

Republic of China) and immediately disposed using

RNAlater (Thermo Fisher, USA) according to the manufac-

turer’s instructions. The Guangzhou Medical University

Medical Ethics Committee has approved this study, and all

the participants have signed the written informed consent. The

study was conducted in accordance with the Declaration of

Helsinki. All breast cancer cell lines including normal immor-

talized mammary cells and breast cancer cells (MCF-10A,

184A1, MCF-7, 4T1, T47D, SkBr3, MDA-MB-361, MDA-

MB-468, BT-483, BT-474, MDA-MB-231) used in our study

have been described in previous studies.16,17 The cell lines

were purchased from the Cell Bank of TypeCulture Collection

of the Chinese Academy of Sciences, Shanghai Institute of

Biochemistry and Cell Biology. MCF7 and MDA-MB-231

cells were cultured in DMEM medium supplemented with

10% fetal bovine serum (Invitrogen) and were grown without

antibiotics in an atmosphere of 5% CO2 and 99% relative

humidity at 37°C. The STR profile analysis of these cell lines

used in this study was perform every six months after resusci-

tation by Beijing Microread Genetics, Co., Ltd. No myco-

plasma infection was detected in all cell lines.

IHC (immunohistochemistry)
Paraffin tissue sections were heated twice in a microwave

oven for 5 min each after being dewaxed, rehydrated and

placed in 10 mmol/L citrate buffer (pH 6.0) as routine. The

tissue slides were then incubated with purified anti-BCL11A

and anti-CD44 primary antibody at 4 °C overnight after incu-

bation with 3% H2O2 for 8 mins, PBS washing, 10% normal

goat serum blocking for 30 minutes. The tissue sections were

further stained with the commercial amplification system kit

(DAKO, k5007) after washing and visualized under themicro-

scope (NIKON ECLIPSE 80i) with photos taken.

In vitro tumor growth assays
The processed cancer cells were harvested, resuspended, and

cultured at a density of 1×103 per well in 96-well plates for cell

growth assays, and a MTT kit (ab211091, Abcam, UK) was

used to detect the BCL11A-modulating cancer cell growth rate

following themanufacturer’s instructions. 50 µL of serum-free

media and 50 µL of MTT solution was added into each well.
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Incubate the plate at 37 °C for 3 hrs. After incubation, add

150 µL of MTT solvent into each well and read absorbance at

OD=590 nm. In addition, 1×103 cells were cultured in six-well

plates as above for the foci formation assay. The supernatant

was removed, and the cell colonies were washed, stained, and

counted using a crystal violet staining method. In our study,

the data of three independent experiments are displayed as the

mean ± SD.

Xenograft tumor growth assays

4 week-old nude mice were used for establishing the animal

model for xenograft tumor growth assays. 17β-estradiol pellet
was implanted subcutaneously to promote MCF-7 tumors in

nude mice. We cut the skin around the third pair of breast and

found the epithelia-cleared fat pads where the BCL11A-

modulated cells and controls were injected. A total of 2×106

of MCF7 or MDA-MB-231 cells with BCL11A overexpres-

sion or knockdown were injected. Tumor weight was mea-

sured every 7 days to assess the tumor formation ability of

these cells in nude mice. Mice were sacrificed at the end of

experiment and the xenografts were stripped and photo-

graphed.Our animal model experiments were performed fol-

lowing Guangzhou Medical University standard ethics

guidelines. The institutional animal ethics committee has

approved our experiments. All experimental procedures were

performed in accordance with relevant institutional and

national guidelines and regulations.

In vitro cell metastasis assay
Subsequently, cells were seeded onto the basement mem-

brane matrix present in the insert of a 24-well culture plate

(EC matrix, Chemicon, Temecula, CA). Fetal bovine serum

was added to the lower chamber as a chemoattractant. After

an additional 48 hrs, the non-invading cells and EC matrix

were gently removed with a cotton swab. Invasive cells

located on the lower side of the chamber were stained with

crystal violet, counted and imaged.

In vivo metastasis assay

Female nude mice (6–8 weeks old) were used for metastasis

assays in vivo. Each independent experimental group con-

sisted of three mice. For tail vein injection, 2×105 cells were

harvested, washed twice with PBS, and injected for each

female Balb/c nude mouse. 8 weeks later, we sacrificed all

the mice, and then examined and counted the pulmonary

metastatic nodules carefully. The lungs of each group were

fixed by 4% paraformaldehyde for further study.

Mammosphere formation and cell sorting
A density of 1,000 cells MDA-MB-231 and MCF-7 cells

were cultured in ultra-low attachment dishes (Corning,

USA) to form spheres. The culture medium was formu-

lated with DMEM/F12 medium, EGF (20 ng/ml,

Invitrogen), insulin (10 μg/ml, Sigma), 1% B27

(Invitrogen, Carlsbad, CA), and bFGF (10 ng/ml,

Invitrogen). Cells were incubated with primary antibody

for 30 min, followed by secondary antibody staining for

20 min, prior to FACS analysis or sorting. The anti-CD44

and anti-CD24 antibodies used for FACS analysis were

obtained from BD Bioscience. The organoids were col-

lected by brief centrifugation (800 rpm for 2 min) and then

digested with 0.25% trypsin-EDTA for 2 min at 37 °C and

filtered through a 40 µm cell strainer to dissociate into

single cells.

RNA isolation and RT-qPCR (real-time

quantitative PCR)
The methods for isolating RNA was described in previous

study.18 We used a PrimeScriptRT Reagent Kit for reverse

transcription following the manufacturer’s instructions

(Promega, Madison, WI). We performed the Real-time PCR

on a Bio-Rad CFX100 using a SYBR Green SuperMix kit

(Invitrogen, Carlsbad, CA). We used β-actin as a control for

each group. The BCL11A and β-actin primer sequences:

BCL11A-F 5-CAGCACTTAAGCAAACGGGAAT-3 and

BCL11A-R 5-TTGTTTCCGTTTGTGCTCGATA-3; β-actin-
F 5-GGACTTCGAGCAAGAGATGG-3 β-actin-R 5-ATC

TGCTGGAAGGTGGACAG-3. The primers were purchased

from Invitrogen (Shanghai, People’s Republic of China).

Western blotting and antibodies
We used a Quantified Protein BCA Assay Kit (Bio-Rad) to

measure the concentration of protein lysates. The SDS-PAGE

gels were used to load the total proteins of cell lysates. After

electrophoresis, the proteins were transferred onto polyvinyli-

dene fluoride (PVDF) membranes following the manufac-

turer’s instructions (Millipore, Billerica, MA), and then the

membranes were incubated with anti-human primary antibo-

dies to c-myc (Cell Signaling Technology), β-actin (Cell

Signaling Technology), CD44 (Cell Signaling Technology),

β-catenin (Cell Signaling Technology), cyclinD1 (Cell

Signaling Technology), fibronectin (Cell Signaling

Technology), slug (Cell Signaling Technology), snail (Cell

Signaling Technology), and BCL11A (Abcam, Cambridge,

U.K.). The blots were visualized with ECL (Enhanced
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Chemiluminescence) (AmershamBiosciences) using a chemi-

luminescent method. We quantified the results by normalized

the blotting according to β-actin.

Statistics
Comparisons between groups were analyzed using two-

tailed Student's t-tests and chi-square tests. Differences

between groups were considered significant when

P<0.05. Statistical analyses were performed using the

SPSS 22.0 statistical software (SPSS Inc., Chicago,

IL, USA).

Results
BCL11A expression in breast cancer
To investigate the functions of BCL11A in breast can-

cer, we detected the BCL11A expression level in clin-

ical breast cancer specimens. Relative BCL11A

expression level of 20 pairs of adjacent nontumor tis-

sues and primary breast cancer was measured using

qRT-PCR. BCL11A overexpression was detected in

tumor tissues. BCL11A expression was significantly

higher in breast cancer tumor tissues than that in corre-

sponding adjacent normal tissues (Figure 1A, paired

Student’s t-test, P<0.05). To further determine the role

of BCL11A in breast cancer tumorigenesis and metas-

tasis, we examined the expression level in a panel of

breast cancer cell lines by qRT-PCR. BCL11A was over-

expressed in all the breast cancer cell lines compared

with normal human mammary epithelial cell lines

(MCF-10A and 184A1) examined in our study, with

the highest level in MDA-MB-231 and the lowest level

in MCF7 (Figure 1B). We further tried to extend our

results to the intracellular distribution of BCL11A and

their expression in clinical samples using IHC. BCL11A

overexpression was detected in breast cancer samples

compared with paired normal mammary tissues.

Furthermore, BCL11A was mainly distributed in the

cytoplasm of breast cancer cell (Figure 1C).

BCL11A correlates with breast cancer

tumorigenicity in vivo and in vitro
Because a significant correlation between BCL11A

expression and tumorigenicity was examined in clin-

ical samples, stable overexpressing and knockdown

cells were necessary for further study. We used

shRNA and plasmid transfection to establish stable

BCL11A-knockdown cells (MDA-MB-231-shBCL

11A) and BCL11A-overexpressing cells (MCF7-BCL

11A) to assess the role of BCL11A in tumor progres-

sion. Western blot analysis and qPT-PCR was used to

confirm the BCL11A expression in the modified cells.

Using scramble shRNA and empty vector-transfected

cells as controls, BCL11A was effectively downregu-

lated or regulated (Figure 2A).The role of BCL11A in

tumorigenicity was further confirmed using several

assays. The cell growth assays were applied to

BCL11A-transfectant MCF7 cells and indicated higher

growth rates compared with control cells, and sh-BCL

11A MDA-MB-231 group shows lower proliferation

rates (Figure 2B, P<0.01). In the focus formation

assay, it showed that BCL11A could significantly

increase the number of foci. BCL11A-expressing

cells yield larger and more colonies (P<0.01 for

MDAMB231-shBCL11A cells, P<0.01 for MCF7-

BCL11A cells), indicating an effect on tumorigenicity

(Figure 2C). We perform animal experiment via ortho-

topic injection of the BCL11A-modulated cell into the

fat pad of nude mice. The mice were sacrificed after

four weeks, the tumors were harvested, and the wet

weights of each tumor were recorded. Compared with

control groups, the BCL11A-expression group yielded

significantly higher and heavier tumors (P<0.01 for

MDAMB231-shBCL11A cells; P<0.01 for MCF7-

BCL11A cells) (Figure 2D). The tumor formation and

focus formation assay experiment in animal model

showed that BCL11A played a role in tumorigenicity.

Our findings indicate that BCL11A may play a crucial

role in tumor proliferation of breast cancer both

in vivo and in vitro.

Active BCL11A confers increased cell

migration and tumor metastasis in breast

cancer
Because the role of BCL11A in breast cancer metasta-

sis still remains unknown, we further assessed whether

the presence of BCL11A confers greater breast cancer

migratory and invasive capacity. Compared with con-

trols, the BCL11A-expressing cells significantly yield

a more invasive property (Figure 3A, P<0.01 for

MDAMB231-shBCL11A cells; P<0.01 for MCF7-

BCL11A cells). To further investigate the role of

BCL11A in promoting tumor metastasis in vivo,

BCL11A-modulated breast cancer cells were injected

intravenously into the tail vein of the nude mice. After
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eight weeks, the mice were sacrificed, and we counted

the number of the metastatic nodules on the lungs sur-

face. There was no visible metastatic nodule on the

surface of the lung in the MCF-7 control group,

whereas BCL11A overexpression significantly

increased the amount of pulmonary metastatic nodules

in the BCL11A-expression group (Figure 3B upper).

Moreover, BCL11A knockdown reduced the visible

metastatic nodules in mice injected with MDAMB231

cells compared with controls (P<0.01, independent

Students’ t-test; Figure 3B bottom). The metastatic

modules on the surface of the lung were further con-

firmed as metastatic tumors using HE staining

(Figure 3C).

BCL11A is essential for the maintenance

of breast cancer stemness
The MCF-7 and MDA-MB-231 cancer cells were cul-

tured with conditioned DMEM/F12 medium on special

plates with ultra-low attachment property. The cells

grew in spheroids. To further investigate the effect of

BCL11A on the breast cancer stemness, we conducted

the sphere-forming assay. Cancer stem cells marked

with CD133 or CD44 were further enriched through

fluorescence-activated cell sorting. The sphere-forming

capacities of MDA-MB-231-shBCL11A were signifi-

cantly decreased compared with controls. BCL11A

increase the sphere-forming capacities of MCF7-BCL

11A cells. In corresponding cultures, spheroids formed
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by MDA-MB-231-shBCL11A cells were easy to be dis-

rupted mechanically, but controls formed compact

spheroids resistant to there disruptions. Spheroids

formed by MCF7-BCL11A cells were larger and more

than those in the control group (Figure 3D). To further

assess the effect of BCL11A on the percentage of breast

cancer stem cells in MCF7 and MDA-MB-231 cells, we

use flow cytometry to evaluate the CD44high/CD24low

subpopulation in BCL11A-modulating cells. In MCF7

cells, FACS analysis demonstrated that CD44high/

CD24low cells were significantly increased in the

BCL11A-expressing group compared with controls
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(64.9% vs 11.9%), and MDA-MB-231-shBCL11A group

yield a lower percentage of CD44high/CD24low cells than

control cells (9.96% vs 86.4%) (Figure 3E). These

results indicate that BCL11A can enhance breast cancer

tumor cell stemness.

BCL11A potentiates Wnt/β-catenin
signaling in breast cancer cells
As epithelial-mesenchymal transition (EMT) was proved to be

involved in cell invasion and metastasis, we measured the

expression of EMT markers or EMT-related transcription

factors in BCL11A-modulating cells to study the effect of

BCL11A on EMT. Western blot analysis demonstrated that

BCL11A could significantly upregulate the C-myc, CD44, β-
catenin, and cyclinD1 as well as EMT markers (Fibronectin,

Slug, and Snail) (Figure 4A). In MDA-MB-231 cells, consis-

tent results were observed when BCL11Awas knocked down.

Wnt signaling was commonly involved in cancer pro-

liferation and metastasis. The previous study has reported

that the activation of Wnt/β-catenin signaling was

involved in the EMT process by interacting with snail.18

The latter is proved to be a target gene of β-catenin. The
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Figure 3 BCL11A promotes tumor metastasis, cancer cell migration, and the stemness of breast cancer cells. BCL11A promotes cell metastasis ability, confirmed by

Transwell invasion assay in vitro. (A) Representative invaded cells image (Left), and the statistical analysis of the invaded cell number (Right) are shown. All the data was

shown as the mean ± SD, and three independent experiments were performed (**p<0.01; *p<0.05). (B) Representative image of lung metastasis nodules on the lung of

xenograft model (arrows). 8 weeks after tail vein injection of BCL11A-modulating MDA-MB-231 and MCF-7 cells, the number of lung nodules on lungs surface of nude mice

was counted and analysed (N=3) (**p<0.01; *p<0.05). (C) Hematoxylin and eosin stained metastatic nodules on the surface of the lung. Representative image of sections was

shown. Original magnification, 100×. (D) BCL11A increases the sphere-forming ability of MDA-MB-231 and MCF-7 cells. Original magnification: ×100. (E) Representative
dot plots of CD44+/CD24− cell surface markers from mammospheres in BCL11A-osverexpressing MCF-7 and sh-BCL11A MDA-MB-231 and their controls.
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functional β-catenin is crucial in EMT, which leads to the

nuclear localization and stabilization of snail, promoting

the EMT and cell migrating of cancer cells. We further

examined the Wnt/β-catenin signaling pathway in MCF-7

and MDA-MB-231 cells to further explore the potential

molecular mechanisms of the effect of BCL11A on cancer

proliferation and metastasis. To further investigate the role

of Wnt/β-catenin signaling in the oncogenic effect of

BCL11A, we used the Wnt signaling inhibitor Dkk1 to

determine the association between Wnt target genes and

the activation of β-catenin induced by BCL11A in

BCL11A-modulated MCF-7 and MDA-MB-231 cells. In

MCF-7 cells, C-myc, CD44, cyclinD1, β-catenin,
Fibronectin, Snail, and Slug proteins were significantly

upregulated compared with the controls. Moreover, this

effect could be effectively inhibited by Dkk1. Compared

with control cells, the expression of these EMT- related

proteins was downregulated in BCL11A-knockdown

MDA-MB-231 cells, whereas Wnt3a significantly reversed

these results (Figure 4B). Our findings indicate that

BCL11A functions in the EMT through the activation of

Wnt/β-catenin signaling pathway in breast cancer cells,

leading to tumor metastasis.

BCL11A and Wnt/β-catenin signaling

pathway is necessary for CSCs derived

from breast cancer spheroids
Previous studies have demonstrated that the Wnt/β-catenin
pathway is crucial for the acquisition of uncontrolled cell

proliferation and expansion.19 In the sphere-forming assay,

Wnt3a addition significantly increased the number of

spheres, while the Wnt inhibitor Dkk1 led to a different

result, which indicated a weaker capability to enhance breast

cancer cell stemness in vitro. Moreover, the effect of Wnt3a

addition on the number of spheres could be reversed by Dkk1

(Figure 4C). To further elucidate the correlation between

BCL11A and CD44, we examined the endogenous

BCL11A, and CD44 in xenograft tumor derived from

BCL11A-modulating MDA-MB-231 and MCF-7 cells

(Figure 4D). The BCL11A and CD44 mainly distributed in

cancer cell membrane and cytoplasm. The CD44 was sig-

nificantly increased in BCL11A-expression tumors, while

BCL11A-knockdown tumors yielded an opposing result.

Therefore, our results indicate that BCL11A is correlated

with breast cancer stemness and metastasis through the acti-

vation of Wnt/β-catenin signaling.

Discussion
BCL11A, which is a novel breast cancer gene associated with

cell proliferation, signal transduction, cell cycle, and apoptosis,

was upregulated in breast cancer. Previous researchers have

investigated its ability to promote cancer cell stemness and

metastasis.8,9,20 Experimentally, we have shown that disrupt-

ing BCL11A expression in breast cancer cell lines and mouse

model significantly affected tumor development and stemness

maintenance. We showed that BCL11A promotes breast can-

cer cell tumorigenesis, proliferation, invasion and metastasis

by the activation of Wnt/β-catenin signaling. Moreover, we

found that BCL11A significantly increased the percentage of

breast CSCs and it is crucial for breast cancer the stemness

maintenance. To our knowledge, we are the first to report the

correlation betweenBCL11A andWnt/β-catenin signaling and
their regulatory function of stemness in breast cancer.

Previous work from our study also showed that in clinical

samples, BCL11A expression was significantly correlated

with the DFS (Disease-free survival) and OS (Overall survi-

val) of patients with TNBC.21 Previous researchers deter-

mined that the BCL11A level is upregulated in cancer

samples compared with adjacent normal nontumor samples,

promoting cancer invasion and metastasis.22–24 Cancer stem

cells have proved to be involved in cancer recurrence, drug-

resistance, invasion, and metastasis. Yun et al and Satterwhite

et al reported that BCL11A promotes the lymphoid formation,

suppressing the function of p53 and indicating a crucial role in

tumor metastasis.25,26 We have shown that the BCL11A dele-

tion leads to a reduction of breast epithelial stem cells and

tumor metastasis. Taken together, the evidence indicates that

BCL11A functions in breast cancer cell stemness mainte-

nance, leading to tumor progression and metastasis.

We found a significantly higher level of BCL11A in

clinical breast cancer samples compared with adjacent

nontumor tissues. Subsequently, BCL11A promotes

tumor growth through our functional studies. In the nude

mice tumor xenograft experiment, BCL11A overexpres-

sion significantly promotes tumor growth and lung metas-

tasis in vivo. Moreover, BCL11A knockdown could

effectively reverse this effect. Experiment in vivo and

in vitro assay also determined that BCL11A upregulation

was significantly correlated with breast cancer stemness,

indicating a key role in stemness maintenance.

Many studies determined that Epithelial-mesenchymal

Transition (EMT) is of great importance in tumor invasion

and metastasis, leading to a weaker cell-cell adhesion,

stronger invasion ability and increased cancer cell
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mobility.27,28 We studied the influence of BCL11A knock-

down or overexpression on epithelial-mesenchymal transi-

tion. Snail and slug, two of the important EMT markers,

were upregulated as expected. Furthermore, silencing

BCL11A expression could inhibit the EMT phenotype

invasive ability in breast cancer cell lines. We further

determined that BCL11A induce EMT through the Wnt/β-
catenin pathway activity. The Wnt/β-catenin pathway is

well known to be of great significance in modulating EMT

process as tumor metastasis initiation.29,30 The snail is

a well-known transcription factor targeted by β-catenin
and an EMT regulatory factor. We have shown that when

BCL11A was knockdown or overexpressed, the snail and

β-catenin expression level changed subsequently.

Moreover, the cancer stem cell features of breast cancer

have been proved to be involved in EMT. Some research-

ers have directly demonstrated EMT may cause a CSCs

state, while other researchers reported the EMT of cancer

cells causes an increased percentage of stem cell-like cells

which yield a self-renewal property and may affect the

spheroid forming ability. In our research, BCL11A

induced EMT in breast cancer, leading to a stem cell state.

We further explored whether BCL11A could serve as

a cancer stem cell marker or enhance stemness in breast

cancer. The characteristics of CSCs include the ability to

differentiate into origin tumor cell types, higher tumori-

genicity in the xenograft model, and self-renewal

feature.31 We examined the BCL11Ahigh and BCL11Alow

subpopulation to assess the differences in these character-

istics. BCL11Ahigh cells yielded a stronger spheroid-

forming ability compared with BCL11Alow cells. In the

xenograft model, BCL11Ahigh cells presented higher

tumorigenicity in vivo.

We have also reported that BCL11A regulates CSCs

behavior through the Wnt/β-catenin pathway and is essen-

tial for breast cancer cell renewal. Although some studies

have supported this notion,32 the role of BCL11A in breast

cancer CSCs via Wnt signaling remains unexplored. Based

on our results, BCL11A plays an important role in stem-

ness maintenance of breast cancer CSCs through Wnt/β-
catenin pathway activity. Besides, we provide proof that

BCL11A also influences the cancer cell cycle. We intend

to elucidate the function of Wnt and BCL11A, including

the BCL11Ahigh subpopulation as breast cancer stem cells.

Conclusions
This study elucidates that BCL11A plays an important role

in breast cancer tumorigenicity and stemness maintenance

through the Wnt/β-catenin pathway activity. This may

provide a novel target for developing novel anti-cancer

drugs and breast cancer prevention, and even individua-

lized target therapy for breast cancer patients. However, its

specific mechanism still needs further investigation.
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